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[57] ABSTRACT

A FET comprising two or more gate pads or terminals,
and a reflection type oscillator including the above-
mentioned FET. In this oscillator, a dielectric resonator
is connected through a coupling line to the first gate pad
of the FET and an output terminal i1s connected to the
second pad. When the drain pad of the FET is con-
nected to ground, and a suitable value of capacitive
reactance is added to the source pad, then a negative
resistance —R appears on the first gate pad, and thus
oscillation occurs at a resonance frequency fo of the
dielectric resonator. If the load resistance value viewed
from the second gate pad is set to R, the maximum
oscillation output occurs. Accordingly this oscillator
enables to set the oscillation conditions between the
source and gate pads of the FET, and the output match-
ing conditions between the second gate pad and the
output terminal separately, and thus allows to set the
oscillation conditions and the output matching condi-
tions, respectively, simultaneously to the optimum val-
ues.

19 Claims, 6 Drawing Sheets
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FET HAVING TWO GATE BONDING PADS FOR
USE IN HIGH FREQUENCY OSCILLATOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a field effect transis-
tor (referred to as FET hereinafter) and more particu-
larly to a FET suited to be made in integrated circuit
form. Further it relates to a high frequency signal oscil-
lator containing the FET as active element, and a fre-
quency converter containing the oscillator.

2. Description of the Prior Art

'The frequency converter of a high frequency (RF)
receiver which receives electric waves of SHF band
direct satellite broadcasting (DSB) from a geostationary
satellite produces an intermediate frequency signal in
response to a local oscillation signal from a local oscilla-
tor and the above-mentioned SHF band signal. The
local oscillator is usually provided with a gallium arse-
nide field effect transistor (referred to as an GaAs FET,
hereinafter) as active element, and the frequency of the
local oscillation signal is stabilized by an dielectric reso-
nator. The local oscillator and the frequency converter
are desired, for the sake of scale-down or economy to be
made in hybrid or monolithic integrated circuit form.

Many of this type conventional local oscillators used
are reflection type oscillators. An example of them is
described in the following literature: Shinkawa et al.,
“SHF Converter formed on A Single Teflon-Fiberglass

Substrate for Satellite TV Broadcasting”, Institute of

Television Engineers of Japan, Technical Report
(RE83-40) pp. 7-11, Oct. 27, 1983. Disclosed in that
citation is a drain-grounded oscillator including as an
active element, a GaAs FET the drain terminal of
which 1s grounded for high frequency. The gate termi-
nal is connected through a coupling line to a dielectric
resonator, and the source terminal is connected to a
capacitive reactance and a load. The capacitive reac-
tance with a suitable value produces a negative resis-
tance at the gate terminal. When the line impedance of
the coupling line and the distance between the gate
terminal and the dielectric resonator, respectively, are
properly set, a high frequency signal is produced and
outputs from the source terminal.

The following requirements are imposed to the re-
flection type oscillator: to create a great negative resis-
tance at the source terminal of the GaAs FET and to be
placed in impedance-matching with the load. It is very
difficult to fulfill the above-mentioned two conditions
by only the adjustment of the capacitive reactance con-
nected to the source terminal. In other words, if, be-
cause of great variation of the negative resistance ap-
pearing at the gate terminal with the capacitive reac-
tance added to the source terminal, the value of the
capacitive reactance is set to meet the oscillation condi-
tions at the gate terminal, it would be impossible to
match with the load so as to obtain the maximum oscil-
lation signal output at the source terminal.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a
high frequency signal oscillator capable of meeting
readily and simultaneously the optimal oscillation and
output conditions.

Another object of the present invention is to provide
a high frequency signal generator and a frequency con-
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2

verter suited to be readily fabricated in hybrid and
monolithic integrated circuit form.

A further object of the present invention is to provide
a field effect transistor of a structure suited for active
elements for generation of signals.

BRIEF DESCRIPTION OF THE DRAWINGS

The above-mentioned and other objects, features and
advantages of this invention will become more apparent
by reference to the following detailed description when
taken in conjunction with the accompanying drawings,
wherein:

FIG. 1(a) 1s a plan view of a FET chip of the first
embodiment and FIG. 1(b) is a cross-sectional view
taken along line A1—A2 of FIG. 1{(a), to an enlarged
scale;

FIG. 2 1s a plan view of a second embodiment of the
present invention;

FI1G. 3 1s a plan view of a third embodiment of the
present invention;

F1G. 4(a) 1s a plan view of a FET, with a top cover
removed, of a fourth embodiment of the invention and
FIG. 4(b) is a cross-sectional view taken along line
A3—A4 of FIG. 4(a) with the top cover put on;

FIG. 5 1s an equivalent circuit diagram of the fifth
embodiment of the present invention;

FIG. 6 is a plan view of the embodiment of FIG. 5
fabricated on an alumina plate;

FIG. 7 1s an equivalent circuit diagram of the sixth
embodiment of the present invention; and

FIG. 8 is an equivalent circuit diagram of the seventh
embodiment of the present invention.

SUMMARY OF THE INVENTION

FETs according to the present invention comprise a
source bonding pad (source pad) connected to a source,
a drain bonding pad (drain pad) connected to a drain
and a plurality of gate bonding pads (gate pads) con-
nected to a gate. One of them is provided with a gate
pad at each end of a gate. Another is provided with two
gate pads at one end of the gate. Such a FET may be
mounted in a package with the source, drain, and gate
pads connected to the source, drain, and gate terminal,
respectively, outgoing from the package.

The above-mentioned FETs are provided with at
least two gate pads or terminals, and hence are adequate
for application to a circuit in which two or more circuit
elements are connected to a gate, for example, enabling
to easily raise the performance of the band reflection
oscillator of drain-grounded type having a construction
of connecting both, the dielectric resonator and the load
to the gate. In detail, the dielectric resonator is con-
nected to one of gate pads or terminals of the FET, and
the load to the other. Thus in this reflection type oscilla-
tor, the negative resistance produced on the gate pad
can be set to the optimum value by adjusting the capaci-
tive reactance added to the source pad or terminal. It is
possible also to produce the optimum load matching by
the arrangement of impedance matching elements be-
tween the other of the gate pads and the load indepen-
dently of the adjustment of the above negative resis-
tance value.

A plurality of gate pads or terminals of the above-
mentioned FET are arranged considerably free, and
hence 1n a high frequency (RF) circuit using the FET,
for example, the above reflection type oscillators, it is
possible to arrange circuit elements so as to minimize
degradation of performance due to parasitic elements
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and the like, leading to improvement in circuit perfor-
mance. Besides it makes it easier for these RF circuits to
be made 1n a hybrid or monolithic integrated circuit
form. |

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring to FIGS. 1(a) and 1(), the structure of, and
process of fabricating, a field effect transistor chip (re-
ferred to as FET chip hereinafter) 10 will be described
below. Over a chrome (Cr)-doped semi-insulating semi-
conductor substrate 5 of GaAs are grown a undoped
buffer layer 6 on which a sulfur (S)-doped n-channel
layer 7 doped with S at 1 to 2X 107 cm~—3 is grown.
Then 1n order to reduce stray capacity of the FET 10,
the channel layer 7 is selectively etched to leave only
the mesa 8 as an active part of the FET chip 10 and to
expose the buffer layer 6 in which no mesa 8 is formed.
Subsequently ohmic electrodes are built by placing a
gold-germanium/nickel (AuGe/Ni) alloy on the surface
of channel layer 7 by the lift-off technique, and used as
drain 3a and source 4a. From the drain 3a and source
4a, the AuGe/Ni1 alloy extends on, and outwards with
respect to, the outside of mesa 8 thus to form drain pad
3 and source pad 4. Then the Schottky barrier metal of
alummum (Al) is deposited on the surface of channel
layer 7 between drain 3a¢ and source 4a to form a gate
(electrode) 2. At both ends of the gate 2, the gate pads
1a and 1) are deposited on the surface of buffer layer 6.
Now it should be noted that gate pads 1a and 15 are
located on the opposite sides of gate 2. The arrangement
of gate pads 1a and 15 has the effect of allowing more
free design of the circuit using the FET chip 10.

To increase the current capacity on the FET chips,
the corresponding drains and sources are arranged in a
skewed relation to a row of gates. Electrode groups of
different types are biased via respective pads. A plural-
ity of FET chips 10 together with other RF circuit
elements can be built over a semi-insulating semicon-
ductor substrate S (and buffer layer 6) to fabricate a
monolithic integrated circuit.

Referring to FIG. 2, a gate 22, a drain pad 23, and a
source pad 24 formed over a FET chip 20 correspond to
gate 2, drain pad 3, and source pad 4 formed over FET
chip 10 in FIGS. 1g and 1b. Gate 22 is connected
through branch lines 264, 265 to gate pads 21ag, 21b
between which an absorbing resistor 274 is intercon-
nected. Absorbing resistor 27a is a metal film formed by
vacuum sputtering or a semiconductor resistor formed
by 10n 1implantation.

Branch circuits 264, 260 and absorbing resistor 27a
forms a Y branch circuit for simultaneously making
three impedance matching circuits: two circuits con-
nected to the ends of gate pads 21q, 21b, respectively,
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and gate 22. In other words setting the lengths of 55

branch circuits 26a, 26b to about % the length A of opera-
tion frequency of FET chip 20, and the resistance of
absorbing resistor 27a to about twice the impedance of
the two connection circuits, then the three circuits are
altogether impedance-matched, and thus signal isolation
can be established between gate pads 21a, 215. As de-
scribed above, FET 20 has a structure for raising signal
isolation between gate pads 21a, 215b.

Referring to FIG. 3, FET on chip 20a¢ gate pad parts
are arranged on the opposite sides, and connected to the
opposite ends, respectively, of the gate 22. Each pad
part is constructed in the same manner as the gate pad
part of FET chip 20 shown in FIG. 2. Not only in the
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left-hand pad part but also in the right-hand pad part
therefore signal isolation can be established between
circuits connected to gate pads 21c, 21d, respectively,
by setting branch lines 26¢, 26d and absorbing resistor
27b to adequate values, respectively, and thus allows
more circuits to be connected to gate 22 without signifi-
cant signal interference between them.

Referring to FIGS. 4(e) and 4(b) together with FIGS.
1(a) and 1(b), a FET chip structure 40 will be now
described. FET chip 10 mounted in a package consist-
ing of a square plate 45 of alumina ceramic, a ring con-
stituting a surrounding wall 46, and a cover 48. There is
provided on each side of alumina substrate 45, a strip-
formed terminal (gate terminals 41a, 415, source and
drain terminals 42, 43) which extends perpendicularly
to, and beyond, the edge and towards the center of
alumina plate 45. An angled conductor film (44q, 445,
Hc, 444d) is fitted on each edge of plate 45. The horizon-
tal part of it extends on the plate surface toward FET
chip 10 (conductor film 445 only extends to the center
of the plate surface) and the vertical part reaches the
corresponding terminal. With a solder (not shown),
alumina plate 45 1s adhered to ring 46, and cover 48 is
connected to ring 46, thereby FET chip 10 being air-
tight sealed.

FET chip 10 is sealed at the center of alumina plate 45
and adhered to conductor film 446 with a solder (not
shown) containing Au—Sn. With bonding wire 47, gate
pads 1a, 1b are connected to conductor films 44¢, 444,
respectively, and in turn to gate terminals 41a, 415,
respectively. The source and drain pads 4, 3 are con-
nected to conductor films 445, 44d, respectively, and in
turn to source and drain terminals 42, 43. It is to be
noted that gate terminals 41a, 415 pass outwardly of the
opposite sides of alumina plate 45. Such extension of
gate terminals 41a, 415 at different sides enables more
free design of the circuit in which the FET structure 40
1s used, as described later with reference to FIGS. 5 and
6.

Referring to FIG. § which shows a diagram of the
equivalent circuit, a high frequency signal oscillator 50
which i1s a reflection type oscillator including, as an
active element, a FET chip 10 shown in FIG. 1 will be
described below. The drain pad 3 of FET chip 10 is
grounded, and a capacitive reactance 54 is connected to
source pad 4 to produce negative resistance —R at gate
pads 1q, 15. Gate pad 1b of FET 10 is connected to one
end of a coupling line 52 and through the latter to a
dielectric resonator 53. The other end of the coupling
line 52 1s connected to a terminal resistor 51. Gate pad
1a of FET 10 is connected to an output terminal 55 to
which a load (not shown) is connected.

Capacitive reactance 54 is set to increase the negative
resistance —R appearing at gate terminal 15 at reso-
nance frequency fo of dielectric resonator 53. When the
distance between gate 2 of FET chip 10 and gate pad 15
is short, distance L1 between gate pad 1b and dielectric
resonator 33 is set to about £ of wavelength A at reso-
nance frequency fo of dielectric resonator 53. Then by
the action of dielectric resonator 53, only signals having
resonance frequency fo out of RF signals from gate
terminal are reflected from gate terminal 1Ib, and thus
oscillator 50 oscillates at resonance frequency fo. Sig-
nals of the frequencies other than the resonance fre-
quency fo are terminated by terminal resistor 51, and

hence do not appear at output terminal 55 of oscillator
50.
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If negative resistances of gate terminals 1q, 15 are
—R, the resistance (resistance value of the load) viewed
from output terminal S5 from gate terminal la is up to R.
In the case where the load resistance value is R, maxi-
mum oscillation signal output can be obtained from
output terminal 55. In brief, in this oscillator 50, after
establishing the oscillation conditions involving source
pad 4 and gate pad 15, load matching can be produced
between gate pad 1la and output terminal 55 indepen-
dently of the oscillation conditions. As described above
it has become possible to simultaneously meet the oscil-
lation condition and the load matching condition by
virtue of providing both gate pads 1a, 16 on FET chip
10.

Referring to FIG. 6 together with FIG. 5, the high
frequency signal oscillator 50, which is a hybrid inte-
grated circuit S0 built on an alumina plate 61, will be
described below. Coupling line 52, dielectric resonator
33, capacitive reactance 54, and output terminal 55 are
formed as a distributed constant circuit. Terminal resis-
tor 51 is also formed as a concentrated constant circuit.
For making dielectric resonator 53, a ceramic having a
composition of (ZrSn)Tios (relative dielectric constant
€,=139) or the like is used.

Further description of components of the high-fre-
quency signal generator 50 except those shown in FIG.
5 will be given below. A grounded circuit for the termi-
nal resistor 51 consists of a short stub 62z of which one
end 1s connected to terminal resistor 51 and the other
end 1s opened. There is provided an auto bias circuit for
gate pad 15, which consists of a resistor 63a of which
one end is connected to stub 62¢, and a grounded
through hole 65a to which the other end of resistor 63a
is connected through connection line 64a. Dielectric
resonator S3 is held through the intermediation of a
support 66 made from a low dielectric constant material
of alumina plate 61, thus Q of resonator 53 being kept
high. Drain pad 3 is connected to ground through a
grounding circuit which is a short stub 62¢, of which
one end is connected to drain pad 3 and the other end is
opened. Gate pad 1a is connected through connection
line 644 to output terminal 55. Source pad 4 is con-
nected to a capacitive reactance 54 and in addition to a
low band filter consisting of a A/4 line 68, a short stub
625, and a chip condenser 54a. Source bias is provided
from power supply through a source bias terminal 67,
connection line 64¢ and the filter. Resistor 63z and chip
condenser 54a form a concentrated constant circuit.

Referring to FIGS. § and 6 illustrating high fre-
quency signal oscillator 50, gate pads 1a, 1b are oppo-
sitely located in FET chip 10, and accordingly coupling
line 52 and connection line 644 are allowed to extend on
the opposite sides. This enables separate location of
components (dielectric resonator 53 and output termi-
nal §5) of which the circuit constants are needed to be
determined almost independently, therefore allowing
more free circuit design and facilitating their fabrication
as hybrid integrated circuit.

In this embodiment, as described above with refer-
ence to FIG. 6, the high frequency signal generator 50
is constructed as a hybrid integrated circuit and, it is, of
course, possible to build a monolithic integrated circuit
on a GaAs substrate with the dielectric resonator 53
placed outside of the substrate.

FIG. 7 shows alternative embodiment of the high
frequency signal oscillator, designated generally with a
reference character 60, which comprises a FET chip 40
described with reference to FIGS. 4(@) and 4(b) instead
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of FET 10 in FIG. 5. Thus the FET 40 is connected at
gate terminal 1a to output terminal 55, at gate terminal
15 to coupling line 52, at source terminal 42 to capaci-
tive reactance 54, and at drain terminal 43 to ground.
Oscillator 60 has about the same other circuit compo-
nents, 1n operation, and is suited for hybrid integrated
circuit as high frequency signal generator 50.

Referring to FIG. 8, a frequency converter 70 will be
described below. It produces an intermediate frequency
(IF) signal at IF output terminal 75 in response to a RF
signal from RF input terminal 73 and a local oscillation
signal from a high frequency signal oscillator 71.

In the high frequency signal oscillator 71, FET chip
20 described with reference to FIG. 2 is used instead of
FET chip 10 of high frequency signal oscillator 50
shown in FIG. 5. Accordingly, the coupling line 52 is
connected to gate pad 21a of FET 20, capacitive reac-
tance 54 to source pad 24, and drain pad 23 is connected
to ground. An impedance transformer 72 is intercon-
nected between gate pad 215 and a mixer 74 for match-
ing the impedances of both, and thus a local oscillation
signal is supplied to a mixer 74. In the oscillator 71,
signal isolation is produced between gate pads 21a, 215,
and thereby prevents the operation of high frequency
signal oscillator 71 from becoming unstable due to vari-
ous spurious signals produced from mixer 74. Also, this
frequency converter can be made in hybrid or mono-
lithic integrated circuit form.

In frequency converter 70, changing mixer 74 into a

30 balanced type mixer results in needing the supply of two
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local oscillation signals to the balanced type mixer, and
hence it is desired to use FET chip 20q instead of FET
chip 20. In this case, both gate pads 215, 21d of FET 20a
are connected to coupling line 52, gate pad 21a to one of
local oscillation signal input terminals of the balanced
type mixer, and gate pad 21c to the other.

As described above, the high frequency signal oscilla-
tors according to the present invention comprise a FET
chip provided with two or more gate pads or terminals
and, mounted not in a package. This enables the connec-
tion of both dielectric resonator and output terminal to
the gate electrode of the FET, and facilitates setting of
the optimum oscillation conditions and optimal output
conditions independently. It is also possible to freely
arrange or locate gate pads or terminals of the FET.
This not only contributes to improving the performance
of the oscillator but also to easier fabrication of these
oscillators or frequency converters including these os-
cillators in hybrid and monolithic integrated circuit
form. |

Although the invention has been described with ref-
erence to specific embodiments, this description is not
meant to be construed in a limiting sense. Various modi-
fications of the disclosed embodiments, as well as other
embodiments of the invention, will become apparent to
persons skilled in the art upon reference to the descrip-
tton of the invention. It is therefore contemplated that
the appended claims will cover any modifications or
embodiments as fall within the true scope of the inven-
tion.

What 1s claimed is:

1. A field effect transistor comprising a source, a
source bonding pad connected to said source, a drain, a
drain bonding pad connected to said drain, a gate, a
plurality of gate bonding pads connected to said gate,
one end of said gate being connected to two gate bond-
ing pads, and a resistor interconnected between said
two gate bonding pads. |
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2. A field effect transistor according to claim 1
wheremn two gate bonding pads are arranged on oppo-
site sides of said gate.

3. A field effect transistor according to claim 1
wherein said field effect transistor is built in a gallium
arsenide substrate.

4. A field effect transistor according to claim 2
mounted in a ceramic package, the source bonding pad
thereof being connected to a source terminal outgoing
from said ceramic package, the drain bonding pad
thereof being connected to a drain terminal outgoing
from said ceramic package, and the two gate bonding
pads arranged on opposite sides of said gate each being
connected to two gate terminals, respectively, and out-
going from said ceramic package.

5. A field effect transistor according to claim 4
wherein said two gate bonding pads arranged on oppo-
site sides of said gate each are connected to the ends,
respectively, of said gate, and said gate terminals each
outgoing on the opposite sides, respectively, of said
ceramic package.

6. A high frequency signal oscillator comprising:

a field effect transistor including a source, a source
bonding pad connected to said source, a drain, a
drain bonding pad connected to said drain, a gate,
and two gate bonding pads each connected to the
ends, respectively, of said gate;

bias means for supplying bias voltages, respectively,
to each electrode of said field effect transistor from
power supply;

a dielectric resonator connected through a coupling
line to one of said gate bonding pads;

an output terminal of high frequency signal con-
nected to the other of said gate bonding pads;

a capacitive reactance connected to said source bond-
ing pad; and

grounding means for said high frequency signal for
grounding said drain bonding pad.

7. A hlgh frequency signal oscillator according to

claim 6 made in hybrid integrated circuit form.

8. A high frequency signal oscillator according to
claim 6 made on a gallium arsenide substrate excluding
said dielectric resonator.

9. A high frequency signal oscillator comprising:

a field effect transistor including a source, a source
bonding pad connected to said source, a drain, a
drain bonding pad connected to said drain, a gate,
and two gate bonding pads connected to one end of
said gate, and a resistor interconnecting between
said two gate bonding pads;

bias means for supplying bias voltages, respectively,
to each electrode of said field effect transistor from
power supply;

a dielectric resonator connected through a coupling
line to one of said gate bonding pads:

an output terminal of high frequency signal con-
nected to the other of said gate bonding pads;

a capacitive reactance connected to said source bond-
ing pad; and

grounding means for said high frequency signal for
grounding said drain bonding pad.

10. A high frequency signal oscillator according to

claim 9 made in a hybrid integrated circuit form.

11. A high frequency signal oscillator according to
claim 9 made on a gallium arsenide substrate excluding
sald dielectric resonator.

12. A frequency converter comprising a high fre-
quency signal oscillator according to claim 9, and a
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mixer for generating an intermediate frequency signal in
response to a high-frequency signal from the input ter-
minal thereof and a local oscillation signal from the
output terminal of said high frequency signal oscillator.

13. A frequency converter according to claim 12
made in a hybrid integrated circuit form.

14. A frequency converter according to claim 12
made on a gallium arsenide substrate excluding said
dielectric resonator.

15. A high frequency signal oscillator comprising;:

a field effect transistor chip including a source, a
source bonding pad connected to said source, a
drain, a drain bonding pad connected to said drain,
a gate, and two gate bonding pads each connected
to the ends, respectively, of said gate;

a ceramic package enclosing said field effect transis-
tor chip therein;

a source terminal connected to said source bonding
pad and outgoing from said ceramic package;

a drain terminal connected to said drain bonding pad

- and outgoing from said ceramic package;

two gate terminals each connected to said two gate
bonding pads, respectively, and outgoing from said
ceramic package;

bias means for supplying bias voltages each to said
source, drain and gate terminals, respectively:;

a dielectric resonator connected through a coupling
line to one of said gate terminals;

an output terminal of high frequency signal con-
nected to the other of said gate terminals;

a capacitive reactance connected to said source ter-
minal; and

grounding means for said high frequency signal for
grounding said drain terminal.

16. A high frequency signal oscillator according to

claim 15 made in hybrid integrated circuit form.

17. A high frequency signal oscillator comprising:

a field effect tramsistor chip including a source, a
source bonding pad connected to said source, a
drain, a drain bonding pad connected to said drain,
a gate, and two gate bonding pads connected to
one end of said gate, and a resistor interconnecting
between said two gate bonding pads;

a ceramic package containing said field effect transis-
tor chip therein;

a source terminal connected to said source bonding
pad and outgoing from said ceramic package;

a drain terminal connected to said drain bonding pad
and outgoing from said ceramic package:;

two gate terminals each connected to said two gate
bonding pads, respectively, and outgoing from said
ceramic package; |

bias means for supplying bias voltages each to said
source, drain and gate terminals, respectively;

a dielectric resonator connected through a coupling
line to one of said gate terminals;

an output terminal of high frequency signal con-
nected to the other of said gate terminals;

a capacitive reactance connected to said source ter-
minal; and

grounding means for said high frequency signal for
grounding said drain terminal.

18. A high frequency signal oscillator according to

claim 17 made tn hybrid integrated circuit form.

19. A field effect transistor comprising a source, a
source bonding pad connected to said source, a drain, a
drain bonding pad connected to said drain, a gate, two
gate bonding pads connected to said gate, said two gate
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end of the other of said gate bonding pads, said first
circuit being different from said second circuit,

~ gate, a first circuit connected to an end of one of said wherein said first circuit has a dielectric resonator
and said second circuit has a load.

gate bonding pads, and a second circuit connected to an 5 x % % % %

bonding pads being arranged on opposite sides of said
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